In order to improve the air quality and the thermal comfort in the compartment of high speed train, an underfloor air supply mode was presented and compared with the traditional sidewall supply and bottom return mode. The airflow, temperature, CO 2 concentration and humidity field were studied by CFD simulation. The Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD) were applied as the evaluation criteria. The simulation results showed that the underfloor air supply mode significantly improved the air quality and the thermal comfort. The results provide an effective way to optimize the air distribution and remove the air pollutants in the compartment of high speed train.
INTRODUCTION
With the rapid development of the high-speed railway in China, traveling by the high-speed railway has become a common way for people. However, the high personnel density and enclosed space usually cause high concentration of carbon dioxide and high humidity in the compartment. The common air supply mode also lead to draught sensation and cold sensation.
Passenger's thermal comfort has been subject of many researches. Cui et al. [1] conducted field measurement and collected questionnaires on aircraft to study local thermal comfort and overall thermal comfort. They found that the spatial difference was not so important to thermal comfort as a result of human adjustment ability. ________________________ Maier et al. [2] developed statistical models to predict thermal comfort. The results showed that the temperature has great influence on thermal comfort, and humidity should not be neglected. Moon et al. [3] studied thermal comfort in a passenger compartment considering solar radiation. It was noted that the influence of solar radiation on thermal comfort should not be ignored. Aliahmadipour et al. [4] carried out a computational study to analyze the thermal comfort in passenger coach in summer.
The results showed that symmetrical airflow contributes better thermal comfort. Hatoum et al. [5] proposed a kind of back-cooling car-seat system and studied the thermal comfort numerically and experimentally.
Many researches have adopted computational fluid dynamics (CFD) simulation to investigate the flow field. Nazariana et al. [6] used CFD simulation to predict outdoor environment, mean radiant temperature was applied to present the effect of radiation. Zhao et al. [7] set a higher concentration of CO 2 to make the results more reliable.
The optimization on the air distribution in high speed train compartment has been conducted mostly in China [8, 9] , however, there is little research on high speed train compartment with underfloor air supply.
In this paper, an underfloor air supply mode was designed, the air flow field, temperature field, CO 2 concentration field and humidity field were studied by CFD simulation. The predicted mean vote (PMV) and predicted percentage of dissatisfied (PPD) were applied as the evaluation criteria. The results provide an effective way to optimize the air distribution in the compartment of high speed train.
METHODOLOGY

Physical Models
A carriage of a type of high speed train was selected as the study object. The seating capacity of the carriage is 85.
The traditional sidewall supply and bottom return mode of high speed train is shown in Figure 1 . The supply air outlets are set at the sidewall under the luggage rack, the return air outlets are on the floor. Under the cooling condition, the low temperature air blows to the compartment through the supply air outlet and return to the return air outlet on the floor.
The proposed underfloor air supply mode is shown in Figure 2 . The supply air outlets are set on the floor, the return air outlets are on the ceiling. Under the cooling condition, the low temperature air blows from the floor and return to air outlet on the ceiling. In order to study the optimal air supply temperature of the underfloor air supply mode, different air supply temperatures were taken into consideration.
In this paper, four different modes were numerically studied. The conditions of four modes are shown as Table 1 .
Mathematical Model
HYPOTHESIS AND SIMPLIFICATION
The simulation was conducted by Fluent software, the K-ε turbulent flow model was adopted. In order to simplify the model rationally, some hypotheses were put forward as follows:
(1) The air tightness of the compartment is excellent with no air leakage.
(2) The air is incompressible.
The airflow is steady turbulence.
(4) The CO 2 concentration of supply air is very low and deemed as zero, the release rate of CO 2 and H 2 O from respiration is constant.
Governing Equations
The governing equations were discretized under a finite volume approach. The SIMPLE (Semi-implicit Method for Pressure Linked Equations) algorithm was applied to solve the flow field.
Mass conservation equation:
is air density, t is time, and u is velocity vector. Momentum conservation equation:
is air density, t is time, u is velocity vector, p is pressure, is viscosity stress, and F is volume force Energy conservation equation:
is specific heat capacity, T is Kelvin, k is heat transfer coefficient, and is viscous dissipation, which is the internal heat source and heat transferred from mechanical energy due to viscous effect.
Boundary Conditions
As is shown in Table 1 , the air supply velocity was 2 m/s, the total air volume was 1 m 3 /s. The designed air supply temperature of Mode A was 20 ℃, and for Mode B, C, and D were 20 ℃, 21 ℃, 22 ℃, respectively.
The enclosure was set as second boundary condition. The return air outlets were pressure-outlet boundary conditions. The skin temperature of passenger was 33.5 ℃ constantly, the CO 2 release rate was 38 g/h per person, and for H 2 O was 60 g/h. 
The Evaluation Criteria
In this paper, PMV and PPD were applied as the evaluation criteria. The detailed calculation method is introduced in standard [10] and will not be mentioned here.
RESULTS AND DISCUSSION
Air Quality
According to "Hygienic Standard for Public Means of Transportation", CO 2 concentration should be less than 0.15%, while the "Indoor Air Quality Standard" requires that CO 2 concentration should be less than 0.10%. Figure 3 shows the CO 2 distribution under different modes, which indicates that all modes satisfy the two standards mentioned before. CO 2 concentration by underfloor air supply is much lower than that by sidewall supply and bottom return, which attributes to that underfloor air supply accelerates the emission of CO 2 , then the CO 2 concentration can be reduced. Compared to underfloor air supply, CO 2 will accumulate longer by applying sidewall supply and bottom return, thus increasing the CO 2 concentration. It can also be concluded that the temperature has nearly no influence on the CO 2 concentration. Table II shows PMV and PPD under four modes. It can be seen that the average temperature is reduced when the mode is changed to underfloor air supply and the supply air temperature is still 20 ℃, which results in the reduction of PMV, but PPD is still lower than Mode A. As seen in Figure 4 , if the supply air temperature is increased to 21 ℃, PMV by underfloor air supply is similar to that by sidewall supply and bottom return while PPD is slightly reduced. If the supply air temperature is 22 ℃, PMV and PPD by underfloor air supply are both increased.
CONCLUSION
In this paper, the airflow, temperature, CO 2 concentration and humidity field of high speed train were studied by CFD simulation. PMV (Predicted Mean Vote) and PPD (Predicted Percentage of Dissatisfied) were applied as the evaluation criteria of the indoor environment. A new mode was put forward and compared with the traditional sidewall supply and bottom return mode. Conclusions are shown as follows:
1. CO 2 concentration is reduced by applying underfloor air supply and thus improving the indoor air quality.
2. The supply air temperature can be increased to improve the thermal comfort and reduce PPD, and reduce the energy consumption of air-conditioning system when applying underfloor air supply.
3. The supply air temperature at 20 ℃ is optimal when applying underfloor air supply.
